Stilbene derivatives have wide range of activities. In an effort to find other potential activities of this kind of compounds, 17 derivatives, including resveratrol, were synthesized. Twelve of them were evaluated for their antiviral potential against severe acute respiratory syndrome (SARS)-CoV-induced cytopathicity in Vero E6 cell culture. The result showed that SARS virus was totally inhibited by compounds 17 and 19 ( ≤ 0.5 mg ml -1 ) and no significant cytotoxic effects were observed in vitro.
Introduction
Stilbene derivatives are widely distributed in nature, which are thought to be phytoalexins. There is a growing interest in stilbene derivatives because many activities have been observed in some of the naturally occurring as well as some of the synthetic stilbenes. Activities include antimicrobial [1] [2] [3] , antioxidant [4, 5] , antileukemic [6] , anti-platelet aggregative [7, 8] , protein tyrosine kinase inhibitory [9] , anti-inflammatory [10, 11] , anticarcinogenic activity [12, 13] , anti-HIV [14, 15] and anti-herpes simplex virus [16] . In the course of our research for potential activities of stilbene derivatives, we designed different hydroxyl substituted sites against resveratrol and kept the trans structure to simulate this kind of phytoalexins.
In early 2003, severe acute respiratory syndrome (SARS) broke out in China and other countries. Many scholars and researchers were engaged in the search of anti-SARS agents and vaccines. At the same time, we also used this kind of com-pounds to the urgent antiviral filtration in vitro. The result was exciting that the change of hydroxyl group's site and the introduction of nitrogen atom were beneficial to the anti-SARS activity. Especially the substituted sites of hydroxyl groups in compounds 17 and 19 have been demonstrated to be a key structure element of anti-SARS virus.
No one knows the likelihood of evolution of SARS-CoV in human and animals. Moreover the complete understanding of pathogenesis of SARS remains tentative. In this study, we evaluated such stilbene derivatives for their potential to inhibit SARS-CoV replication for the first time and thought this discovery would be beneficial to the anti-SARS-CoV development.
Chemistry
In order to prepare a variety of stilbene derivatives with hydroxyl groups, we used methoxyl materials as starting materials to avoid the oxidation of hydroxyl compounds. Also we introduced one pyridine ring in place of one of the benzene rings for the purpose of evaluation the activity change. Preparation of aim compounds was accomplished as given in Scheme 1. According to this scheme, 3,5-dimethoxybenzyl bromide, 2-chloromethyl-3, 4-dimethoxy pyridine or 2-chloro-methyl-3,5-dimethyl-4-methoxypyridine were heated with triethyl phosphite in the presence of (n-Bu) 4 NI to give the phosphonates (2-4) (Michaelis-Arbuzov reaction [17] ). In turn, the reaction of aryl aldehyde with the anion of phosphates formed in situ with sodium hydride gave (E)-stilbene derivatives (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (with almost none of (Z)-isomer) together with water soluble diethyl phosphate (Wittig-Horner reaction [18, 19] ). But the yield of pyridine containing derivatives is poor. Further methoxyl derivatives were demethylated with BBr 3 in dichloromethane.
Biological results and discussion
In this study the antiviral potential of twelve compounds (7, 8, 10, 11, (14) (15) (16) (17) (18) (19) (20) (21) was evaluated in vitro for their inhibitory effect of SARS virus. Cytotoxicity in Vero E6 cells was measured before the antiviral activity. The compounds that showed cytotoxity to Vero E6 were weeded out first. The remainder was studied their inhibitory activity. Only compounds 17 and 19 could inhibit the replication of SARS virus in Vero E6 cells in concentration ≤ 0.5 mg ml -1 (2.05 mM). There was no cytotoxicity to Vero E6 in concentration ≥ 2 mg ml -1 (8.20 mM) ( Table 3 ). It showed that both of them could inhibit SARS virus in vitro. Compounds 17 and 19 clearly inhibited the cytopathic effect (CPE) induced by infection with SARS-CoV ( Fig. 1 ). As compared with cinanserin which inhibits SARS virus at 66 μM (IC 90 ) [20] , the result in our research seems to be not so good. But the concentration 0.5 mg ml -1 is not the terminal of the inhibition, because our research could not undergo in present situation in our country.
The methoxy stilbene derivatives (7, 8, 10, 11, 14) showed no cytotoxity. Compounds 7 and 10, which were methyl ethers of compounds 17 and 19, respectively, could inhibit 50% replication of SARS virus in Vero E6 cells in concentration 1 mg ml -1 . Compounds 8, 11 and 14 had no inhibition in the evaluation. Although compounds 17 and 19 had one same part, the compound 21 that had the same part showed no activity. It seemed that the whole molecular structure was necessary to the inhibitory activity and hydroxy group was prior to methoxy group. However, the structure-activity relationship was still unclear in our present study. Maybe the further research will reveal the relationship between the substituent and activity (Tables 1 and 2).
Conclusions
We have synthesized (E)-stilbene derivatives bearing hydroxyl groups and in some of them used pyridine ring in place of one benzene ring. Two of these compounds possessed antiviral activity against SARS in vitro and till now this has never been reported.
Experimental protocols

Synthesis
Melting points were determined in capillary tubes on a Buchi oil bath apparatus and uncorrected. Spectra were obtained as follows: LC/Q-Tof MS, 1 H NMR spectra on Varian INOVA 400 MHz spectrometer with TMS as the internal standard, IR spectra on FT-IR Nicolet 20 spectrometer. Thin layer chromatography (TLC) was carried out on Si gel plates (60 F 254 , Merck).
All reagents were commercially available and used as received.
Diethyl [3,5-dimethoxybenzyl]phosphonate (2) [21]
Triethyl phosphate (2.7 ml, 16 mmol) was added to the 3,5dimethoxybenzyl bromide (2.3 g, 10 mmol) containing a catalytic amount of tetrabutyl-ammonium iodine, and the mixture was heated at 110-130°C for 5-6 h. Excess triethyl phosphite was removed by heating at 80-90°C under vacuum (< 5 kPa) to yield 2 as a light yellow oil. 1 
----+++ -= no cytotoxicity, no CPE; +++ = CPE > 75% cells with CPE. The compound was synthesized in the same manner as for 2 as a viscous orange liquid and used directly in the next step. 1 The compound was synthesized in the same manner as for 2 as a viscous liquid and used directly in the next step. 1 
(E)-3,4′,5-Trimethoxystilbene (5)
The product of first step was dissolved in dry THF (20 ml) and stirred at 0-5°C. Sodium hydride (0.6 g, 25 mmol) was added to the well-stirred phosphonate ester solution. After 30 min, the aldehyde (10 mmol) in THF (30 ml) was added dropwise, and the mixture was allowed to stir at room temperature for 8-16 h. The mixture was then cooled to 0°C, and the excess sodium hydride was quenched with water (10 ml). The reaction mixture was then poured on ice, followed by addition of 1 M HCl to pH 6, and the product was extracted with ethyl acetate(4 × 50 ml). The organic layers were combined and washed with saturated solution of sodium chloride (2 × 30 ml). The ethyl acetate layer was dried over anhydrous sodium sulfate and evaporated. The residue was purified by recrystallization and gave 1.7 g (65.9%, total yield of the first two steps) of 5 as a slightly yellow crystal, m.p. 56-57°C dec. 1 
(E)-3,3′,5,5′-Tetramethoxystilbene (6)
The compound was synthesized in the same manner as for 5 in 83.0% yield as a white crystal, m.p. 135-136°C dec. 1 
(E)-2′,3,5,5′-Tetramethoxystilbene (7)
The compound was synthesized in the same manner as for 5 in 72.6% yield as a milk white amorphous solid, m.p. 54-55°C dec. 1 
(E)-2′,3,5,4′-Tetramethoxystilbene (8)
The compound was synthesized in the same manner as for 5 in 83.0% yield as a pale yellow crystal, m.p. 81-82°C dec. 1 The compound was synthesized in the same manner as for 5 in 23.2% yield as a pale yellow solid, m.p. 88-90°C dec. 1 The compound was synthesized in the same manner as for 5 in 20.7% yield as a pale yellow crystal, m.p. 100-101°C dec. 1 The compound was synthesized in the same manner as for 5 in 27.5% yield as a white amorphous solid, m.p. 131-133°C dec. 1 The compound was synthesized in the same manner as for 5 in 34.7% yield as a white needle crystal, m.p. 94-95°C dec. 1 The compound was synthesized in the same manner as for 5 as a golden oil; 1 The compound was synthesized in the same manner as for 15 in 62.8% yield as pale yellow amorphous solid, m.p. 240°C (oxy.) dec. 1 
Assay method
Vero E6 cells were cultured in our laboratory, College of Life Science and Bioengineering, Beijing University of Technology. BJ 9-2b SARS virus was provided by Institute of Microbiology and Epidemiology, Academy of Military Medical Sciences. Vero E6 cells (1.2 × 10 4 cells per well) were inoculated in triplicate in 200 μl of Eagle's medium containing 10% fetal calf serum in a 96 wells plate. After 2 days cultivation, the cells grew to a thin layer, then the cells were infected with 100 TCID50 SARS virus in 0.1 ml medium and incubated at 37°C, 5% CO 2 , humidified incubator for 2 hours. After a 2 h adsorption, the supernatant was discarded to remove the free virus. Chemicals in a series of 2 × dilation in 0.2 ml medium were added into the cell wells, the chemical control without virus and the viral control without chemical in 0.2 ml medium were also added into the cell wells, they were then cultivated in the same incubator for 3 days and the CPE of cells were recorded.
